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ABSTRACT 
[  Unclassiiiedl 

NRL  has  long  recognized  the  desirability  of  being  able  to 
r  .  •  "  •  ■  ‘  issels  a  quantitative  measure  of  the  effectiveness  of  a  microwave 

intercept  system^'  Such  a*  measure  is  the  probability  of  intercept. 

Of  the  many  approaches  possible  in  this  assessment,  NRLhas 
■chosen  to  develop  a  system  simulator  which  reproduces  in  scaled 
time  in  the  video  domain  the  significant  parameters  affecting 
probability  of  intercept,  and  which  produces  jis  its  (^utput  the  sim¬ 
ulated  record  of  intercept  succes;^ '^m&4ias  developed  ^n 
analyzer  which  calculates  from  the  simulator  output  the  probabil-/,  , 
ity  of  intercept  as  a  function  of  waiting  time  for  intercept^'’  These 
two  devices  constitute  the  ^NRL  Intercept  Probability  Computing 
System, 

The  system  has  been  operating  about  three  years  and  has  been 
used  to  make  comparisons  of  intercept  receiver  performances, 
evaluate  operating  doctrine,  and  predict  advantages  to  be  gained 
by  receiver  improvements.  Current  plans  include  continuation  of 
doctrine  studies  and  possible  improvements  in  the  computing 
hardware.  This  work  has  been  proceeding  on  a  continuous  but 
low-priority  basis.  Guidance  is  desired  from  potential  users  of 
tl\e  information  to  be  produced  as  to  the  direction  of  future  studies. 

A  bibliography  is  included  citing  twelve  basic  references  on 
the  subject  and  reproducing  the  abstracts  of  nine  of  these. 


PROBLEM  STATUS 

This  is  an  interim  report;  work  on  the  problem  is  continuing. 
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RKVIEW  OF  NRL  ACTIVITY  IN  TIIF  COMPUTATION 
OF  COUNTFRMFASURKS  PROBABHJTY  OF  INTFKCFPT 


INl'RODUCTION 

It  clonrly  desirable  to  be  able  to  express  qaaiULtativcly  the  pcrforinaace  capability 
of  a  microwave  intercept  system.  Such  a  measure  is  demoted  by  the  term  ‘'probability  of 
intercept.’^  There  are  two  general  methods  ol  determining  the  probability  of  intercept 
(hereafter  symbolized  by  “P(t)”):  sUnuiatiO)7  and  field  evaluation.  Wlierens  field  testing 
is  an  expensive  ajid  time-consuming  process,  and  whereas  P(t)  is  a  statistical  parameter 
requiriiig  observatio/is  of  many  experimeiAs  for  its  estimation,  simulation  is  the  more 
desirable  method  of  determing  P(t),  subject  to  certain  limitations  to  be  discussed  later. 

The  Countermeasures  Branch  of  tl^e  Radio  Division,  NRL,  has  produced  in  this  area 
a  considerable  literature  which  may  not  be  readily  accessible.  It  is  hoped  that  this  brief 
report  on  NRL’s  philosophy  of  attack  on  the  probabiUly -of- intercept  problem  will  prove 
useful.  This  brief  review  does  not  present  detailed  information,  hence  a  number  of  refer¬ 
ences  providing  specific  uiformation  are  included  (1-12),  and  the  abstracts  of  the  more 
important  references  arc  reproduced. 


PROBABILITY  OF  INTERCFPT 
Definition  of  P(t)  (Stationary  Case) 

Hypothesizing  an  emitter,  intercept  system,  and  propagation  path,  and  further  assum¬ 
ing  that  the  parameters  of  these  components  remain  constant,  P(t)  may  be  defined  as  tlie 
probability  that  dm  intercept  system  first  detects  the  emitter  in  time  t  or  less  after  the 
creation  of  the  conditions.  The  conditions  might  be  created,  for  example,  by  a  radar  oper¬ 
ator  turning  on  his  transmitter  or  by  an  intercept  receiver  operator  changing  bands  so 
that  his  receiver  covers  tlm  emitter  frequency. 

As  a  trivial  example,  consider  a  bi'oad-band,  untuned  intercept  receiver  equipped  with 
an  omnidirectional  antenna  working  against  a  radar  transjuitter  equipped  with  a  search 
antenna  that  makes  one  rotation  in  20  secotids.  Assume  further  that  the  trails  mitt  er  power, 
receiver  sensitivity,  and  propagation  path  are  such  that  intercept  is  possible  for  one  sec¬ 
ond  out  of  every  twenty.  At  the  instant  of  creation  of  these  conditions  the  orientation  of 
the  radar  antenna  relative  to  the  intercept  site  is  unknown,  bat  there  is  a  probability  of 
one  in  twenty  that  the  orientation  is  fortunate  and  that  intercepts  ocevu*  immediately.  If 
intercepts  do  not  occur  immediately,  the  rate  of  growth  of  probability  over  the  next  nine¬ 
teen  seconds  is  linear,  reaching  unity  at  the  end  of  nineteen  seconds.  Thus,  for  tliis  case 

P(t)  -  1/20+  t/20  tsi9 
=  1  t>i9. 

Additional  oxamplos  are  contained  in  Refs.  2  and  'i. 
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Facloz'S  AJfc'jLiJig'  P(0 

It  is  aow  necessary  to  consider  the  factors  aftocliUt:  P(t)  and  v/hirh  must  be  inciuded 
id  the  si  am  lilt  ion.  These  have  already  been  divided  into  three  ^;enerul  groups  but  will  now 
be  enumerated. 

E nutter  -  Two  general  considerations  determine  the  nature  of  the  emitted  signal; 
the  modulation  pattern  and  die  field  strength  pattern. 

In  tlie  case  of  a  simple  radar  the  modulation pallern  is  determined  by  a  spociJficatiOn 
of  pulse  width  and  pulse  repetition  frequency  and  possibly  of  pulse  shape.  It  is  conceivablCj 
iiov/evcr,  that  a  more  complex  modulation  pattern  might  be  necessary  to  accurately  sim¬ 
ulate  other  signals  such  as  those  used  in  telemetry  and  guidance. 

If  the  emitter  is  equipped  with  a  stationary  omnidirectional  antenna,  the  field  strength 
pattern  is  a  constant,  depending  only  on  radiated  power.  In  the  more  usual  radar  case, 
however,  it  Is  necessary  to  know  the  precise  antenna  pattern  and  the  antenna  rotation  rate 
ill  addition  to  the  I'adiated  power. 

Under  certain  types  of  simulation  it  may  be  necessary  to  simulate  the  emitter  fre¬ 
quency.  Til  is  point  will  be  discussed  later  in  tlio  section  on  types  of  simulation. 

Propagation  Patli  -  The  modulated  local  emitter  field  having  boon  determined,  the 
■field  in  the  vicinity  of  the  intercept  receiver  caai  be  determined  by  simulating  the  effect  of 
the  propagation  path.  The  factors  to  be  considered  here  aro  the  heights  of  the  antennas  of 
the  emitter  and  receiver,  the  range  between  them,  and  possibly  tiie  state  of  tlie  atmosphere 
and  the  nature  of  the  intervening  terrain. 

Intercept  stem  --  There  are  numerous  parameters  associated  witli  tl>e  intercept 
syslmu  that  will  affect  P{t),  Those  may  be  further  subdivided  into  the  antenna  system, 
the  tuning  arrangement,  and  the  detection  system. 

For  the  antenna,  significant  parameters  arc  antenna  pattern  and  ardenna  rotation  rate. 
The  term  rotation  rate  applied  to  iioth  tlie  emilfing  and  intercepting  antennas  is  assumed 
to  include  the  possibility  of  scan  modes  more  complicated  than  simple  rotation. 

For  the  untuned  intercept  receiver,  such  as  the  crystal  video  system,  the  significant 
question  is  whether  tlie  signal  is  willnn  the  band  of  the  receiver,  although  variations  of 
sensitivity  with  frequency  across  this  band  might  also  be  significant.  For  the  scanning 
typo  of  intercept  receiver,  significant  factors  are  tiie  frequency  band  scanned,  the  velocity 
and  pallern  of  scanning,  the  scanning  passband,  and  the  location  of  the  signal  frequency 
relative  to  the  scan  band.  For  both  types  of  receivers,  continuity  of  tuning  may  be  a 
factor.  If,  for  example,  a  crystal  video  system  Iras  two  frequency  bands  selected  by  a 
.sw'itch,  and  if  the  operator  operates  this  switch  every  thirty  seconds,  a  tuning  factor  is 
iutrodueed. 

The  final  factor  is  the  detector.  A  single  specification  of  sensitivity  or  threshold  may 
]>e  udenuaio  here,  but  the  threshold  is  more  likely  to  be  a  fnneiinn  of  the  dnrationand  dis- 
iribuiion  of  the  received  signals  and  may  even  be  probabilistically  distributed,  especially 
when  u  human  operator  is  the  decision  clement. 
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Compulation  ni  p(ti 

There  are  tsvo  possllilo  jneans  of  lomputiug  P(t)  from  the  re^'ulls  of  simutatioius.  To 
distinguish  them  recall  that  P(t)  is  a  probability  function,  i)eLniuse  the  phases  ai  t  -  t)  are 
unknown  and  presumably  randomly  distributed.  By  "phases"  are  meant  such  quantities  as 
the  angles  between  the  line  from  emitter  to  receiver  and  tiic  direction  of  orientation  of 
antennas  and  the  position  of  a  scanning  passband  relative  to  the  signal  frequency. 

In  the  first  method  Ihe  initial  phaacs  are  randomized,  the  simulation  allowed  to  run, 
and  the  time  of  the  first  intercept  noted.  The  whole  process  of  randoniizatioig  running, 
and  intercept  recording  is  repeated  many  times.  P(t)  is  thou  equal  to  the  fraction  of  the 
runs  in  which  the  intercept  occurred  in  time  t  or  less. 

In  the  second  method  no  particular  effort  is  made  to  randomize  the  initial  phases,  V>ul 
the  simulation  is  allowed  to  run  through  many  Intercepts.  In  this  metliod  P(l)  is  equal  to 
the  fraction  of  the  experiment  length  occupied  by  time  lengths  t  preceding  the  intercepts. 
Further  discussion  of  this  method  may  bo  found  in  Refs,  I  and  4. 

Comparison  of  the  two  techniques  favors  the  second  for  two  reasons.  First,  it  would 
be  difficult  to  ensure  adequate  randomization  in  the  first  method.  Second,  the  first  method 
appears  to  require  more  data  to  give  equally  pi’ecise  results. 

Thus  in  the  period  1951  to  1953  NRL  conceived  ol  a  computer  utilizing  the  second 
method  for  the  computation  of  P(t).  Tlie  analyzer  section  of  the  NRL  Intercept  Probability 
Computing  System,  constructed  in  1954,  is  described  in  Ref,  4  and  is  pictured  in  Fig,  1. 


Dynamic  Case 

Thus  far  tlie  assumption  has  been  made  that  the  conditions  that  determine  P(l)  remain 
constant.  This  is  a  valid  assumption  for  a  stationary  emitter  and  intercept  system,  but 
has  to  be  re-examined  where  either  or  both  are  mobile.  For  these  cases  a  dynamic  P(t) 
must  be  determined,  the  calculation  of  which  takes  into  account  the  relative  motion  of  the 
two  components.  In  this  situation  t  -  0  represents  some  particular  }Doint  on  the  relative 
orbit  and  any  particular  t  can  be  translated  into  some  relative  position, 

Because  the  NRL  Probability  Computing  System  employs  a  computational  scheme 
depending  on  stationary  statistics,  it  is  necessary  to  analytically  combine  computer  out¬ 
put  information  to  obtain  the  dynamic  P(t),  Although  the  other  computational  philosophy 
would  eliminate  this  necessity,  its  employment  would  require  a  simulation  of  a  given  orbit 
of  closure.  Our  method  is  to  compute  the  stationary  P(t)  as  a  function  of  range,  and  to 
combine  these  probabilities  according  to  the  orbit.  Thus  if  a  dynamic  P(l)  for  a  different 
orbit  is  required,  it  is  not  necessary  to  compute  a  new  simulation. 

When  (he  closure  rates  are  relatively  low,  this  combination  of  the  stationary  probabil¬ 
ities  is  rather  simple.  In  this  quasistatic  case,  at  any  range  it  i.s  only  necessary  to  com¬ 
bine  the  integrated  rate  of  accretion  of  i’(t)  with  the  probability  that  no  intercepts  have 
occurred  at  greater  ranges,  and  add  this  combination  to  the  total  P(t)  at  greater  rungos.. 
For  tins  method  to  be  iustifiable  the  closure  rate  must  be  such  that  the  relatiw?  change  in 
range  is  small  during  the  time  of  the  longest  pevLod  ol  the  cyclic  simulation  paranuders 
suci'.  as  antenna  rotation  period  and  frequency  scan  period.  This  requirement  is  almost 
always  satisfied. 
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Where  Iho  closure  rates  are  very  highj  more  complex  analysis  is  necessary.  Usually 
simplifying  assumptions  are  available,  but  a  general  solution  has  not  yet  been  obtained. 
Further  work  on  this  question  is  anticipated. 


Utilization  of  P(t) 

'I'hree  general  typos  of  questions  that  require  P(t)  information  for  tlioii-  resolution  are 
apparent.  Undoubtedly  others  exist,  and  it  is  hoped  that  the  readers  of  this  report  can  find 
applications  to  (heir  own  work, 

T!ic  first  involves  Uie  cjiojce  of  equipment  for  a  given  interccpi  mission  or  function. 

A  typical  questio/i  n.’ight  be,  “Wliat  combination  of  avnilabJe  intercept  receivers  and  antcri- 
iia.s  wiil  ma.xiniizc  ihc  probaljility  tliai  a  s.norkciing  submarine  will  detect  the  signal  from 
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an  airborne  search  radar  before  tl\at  radar  detects  tlie  submarine?'’  Another  question 
of  the  first  typo  might  be,  “U  the  sensitivity  of  a  given  receiver  could  bo  increased  a  cer¬ 
tain  amount,  how  much  more  likelihood  would  there  be  of  its  detecting  a  bombing  radar 
n  seconds  before  the  aircraft  reached  its  bomb  release  point?'’ 

The  second  involves  doctrine,  i.e.,  such  questions  as,  “What  is  the  best  speed  for  a 
CVS  to  rotate  its  AN/SLR- 2  antenna  to  maximize  the  probability  of  detection  of  hostile 
submarines  assumed  to  be  emitting  signals  of  given  cliaractoriiStics?* 

The  third  involves  evaluation  of  mission  results;  for  example,  '"A  given  ferret  mission 
detected  no  signals  of  a  given  type  from  a  given  location.  How  likely  would  detection  have 
been  had  the  signals  been  present?” 


SIMULATION 
Types  of  Simulation 

There  are  two  general  types  oi  siinuiation  which  must  be  carefully  dlsiinguished.  In 
tile  first  Lyptr,  ine  electromagnetic  field  is  actually  siinuiaied  and  connected  to  the  intercept 
system.  This  requires  generation  of  the  microwave  signals  representing  the  environment 
in  which  the  intercept  system  is  to  function.  In  tlte  second  type,  both  the  environment  and 
the  characteristics  of  the  intercept  system  are  simulated  in  the  video  domain. 

The  major  advantage  of  direct  microwave  simulation  is  that  it  is  not  necessary  to 
make  separate  measurements  of  individual  parameters  of  the  intercept  system  under  eval¬ 
uation;  the  system  is  connected  to  the  simulator  and  its  performance  is  noted.  The  major 
disadvantages  of  tliis  scheme  include  tl>e  great  expense  of  the  microwave  hardware  neces¬ 
sary  in  the  simulator  and  the  limitation  of  tlie  appUcahjlity  of  the  technique  to  Intercept 
systems  that  exist  in  hardware  form. 

Video  simulation,  on  the  other  hand,  Is  relatively  inexpensive,  and  can  be  applied  to 
hypothetical  intercept  systems  whose  parameters  are  defined  as  well  as  to  existing  sys¬ 
tems  whose  parameters  can  be  measured.  This  flexibility  is  particularly  valuable  in 
determining  desirable  changes  in  the  parameters  of  existing  systems.  For  examp le,  deter¬ 
mini  ng  the  answer  to at  would  be  the  effect  of  doubling  the  frequency  search  speed  of 
the  AN/WLR-1  receive^  at  S-band?"  would  require  building  a  new  receiver  if  microwave 
simulation  were  employed  but  would  only  require  turning  one  knob  on  the  simulator  if 
video  simulation  were  employed,  oimilarly,  the  direct  simulation  tests  one  sample  from 
the  population  of  intercept  receivers,  while  video  simulation  allows  the  investigation  of 
the  effect  of  normal  variations  in  the  parameters  of  a  population  of  receivers, 

Perhaps  Uts  most  significant  advantage  of  video  over  direct  simulation,  however,  is 
the  ability  to  conduct  video  simulation  in  scaled  time  while  direct  simulation  is  tied  to  the 
real-time  characteristics  of  the  intercept  system.  Thus  direct  simulation  can  taV;e  nearly 
as  long  as  field  evaluation,  while  video  simulation  can  produce  Urn  same  amount  of  infor¬ 
mation  in  about  1/100  the  time. 

For  tliosc  reasons,  NRL  designed  and  constructed  a  video  simvilator.  This  device  is 
described  in  Hef.  5  and  pictured  in  Fig.  2.  It  has  been  operating  since  1957. 


Limitations  of  Simulation 

Tlxere  arc  a  number  of  limitations  that  must  be  noted  with  respect  to  simulation  in 
general,  to  video  simulation,  and  to  the  NRL  simulator. 
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Fig.  2  -  Systerr  simalator 


All  forms  of  simulation  are  somewhat  idealized.  They  seldom  take  into  account  the 
usual  deteriorations  in  intercept  system  performance  that  occurs  oelween  the  labux-alory 
model  and  the  production  unit  under  fleet  maintenance.  They  usually  select  arbitrary  val¬ 
ues  of  environmental  factors  such  as  the  transmitter  antenna  rotation  rate.  Equally  prob¬ 
able  values  of  such  parameters,  differing  only  slightly  from  tlie  ones  selected,  may  yield 
profoundly  different  results,  l-hjtliermore  most  simulations  do  not  adequately  take  into 
account  the  variations  between  operators  and  evaluate  tlie  statistics  of  the  performance  of 
a  few  typical  operators  under  somewhat  unrealistic  conditions. 
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Video  simulation  has  additional  limitations.  Among  tho  major  U  mil  at  ions  that  may 
be  mentioned  arc  the  necessity  of  developing  statistics  on  operator  performance,  the  use 
of  timing  waveforms  to  generate  antenna  patterns  and  frequency  scanning  patterns  where 
the  frequencies  selected  are  somewhat  arbitrary  and  may  be  unrealistxcaliy  stable,  and 
Uie  difficulty  in  measuring  not  only  the  average  values  hut  more  important  the  range  o£ 
variations  uf  the  simulated  parameters  of  the  intercept  system. 

The  NHL  simulator  as  originally  constructed  possessed  still  more  limitations.  Chief 
among  these  were  die  ability  to  simulate  only  one  transmitter  at  a  time,  the  inability  to 
introduce  frequency  instability  in  tho  timing  waveforms,  limitation  to  the  static  case,  and 
limitations  in  the  type  of  opex’ator  statistics  that  can  be  simulated.  Some  of  these  limita¬ 
tions  are  now  being  removed,  as  discussed  in  the  following  section. 

Despite  all  these  limitations,  however,  it  is  felt  that  the  NRL  Intercept  Probability 
Computing  System  can  provide  useful  information  at  a  very  modest  cost,  provided  that 
organizations  having  a  use  for  this  information  assist  in  the  tasking  of  the  system  with 
awareness  of  its  limitations. 


PROJECTS  UNDER  WAY 

Since  mid- 1957,  the  NRL  Intercept  Probability  Computing  System  has  been  operated 
on  a  continuous  but  low-priority  basis.  Reference  10  describes  a  study  which  formed  part 
of  tlie  system  checkout  procedure.  The  system  was  also  used  to  provide  some  of  the  data 
in  Ref.  11. 

The  two  major  probiems  that  have  been  undertaken  are  a  study  designed  to  determine 
optimum  operating  doctrine  for  the  AN/WLR-l  for  various  missions,  and  a  comparison 
of  the  AN/WLR-l  and  AN/SLR-2  witli  various  indicators  and  antennas  as  to  their  effective¬ 
ness  against  an  airborne  X-band  radar. 

As  part  of  the  first  problem  numerous  simulations  of  the  AN/WLR-l  against  an  S-band 
search  radar  have  been  conducted  at  various  receiver  antenna  rotation  rates  because  of 
the  suspicion  that  tho  maximum  rotation  speed  provided  in  the  equipment  should  not  be 
ordinarily  used  but  would  be  employed  by  the  operators  in  the  absence  of  specific  operating 
doctrine.  Work  on  Uie  problem  has  been  suspended,  however,  in  favor  of  the  second  prob¬ 
lem  {Ref.  12)  which  was  undertaken  in  response  to  a  request  by  OpDev For  {now  OpTEvFor  - 
Operational  Test  and  Evaluation  Force),  Conclusions  in  regard  to  optimum  antenna  rota¬ 
tion  rate  derived  from  results  of  this  second  problem,  however,  are  of  sufficient  generality 
to  be  applied  to  this  aspect  of  Uie  first  problem. 

Studies  are  also  underway  as  to  possible  improveiiients  in  tne  NRL  Intercept  Proba¬ 
bility  Computing  System.  Among  the  areas  being  ijivestigated  are  punclied  paper  tape 
readout  of  the  analyzer  for  subsequent  reduction  by  a  general  purpose  digital  computeiv 
improved  methods  of  antenna  pattern  simnlation  including  the  introduction  of  rotation  rate 
instability,  inclusion  of  an  additional  scanning  giile  to  better  simulate  panoramas  copes, 
provision  for  more  sophisticated  operator  statistics  in  the  simulation,  generalizations  in 
the  intercept  pulse  requirement  circuitry,  mid  further  hardware  and  analytical  work  to 
better  accommodate  dynamic  ca&cs. 


FUTURE  PLANS 

Present  plans  call  tor  the  resu mptioii  ot  work  or?  the  formulation  of  AN/WLU-l  oper¬ 
ating  doctrine  and  design  iinu  unple  mental  ion  of  some  of  the  hardware  impruvemenis 
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mentioned  above.  It  is  anticipated  tiiat  these  plans  will  be  prosecuted  on  a  continuous  low- 
priority  basis  with  the  CKpenditure  of  sli^itly  less  than  one  man-year  per  calendar  year. 

These  plans  can  readily  be  modified  to  meet  the  reqviiremenls  of  the  ECM  community. 
Guidance  as  to  the  desires  of  potential  users  as  to  information  required  and  the  rate  of 
expenditure  of  effort  justified  is  earnestly  solicited. 


REVERENCES 


The  fallowing  references  will  provide  the  interested  reader  witli  specific  information 
on  the  theory^  hardware^  and  utilization  of  the  NRL  Intercept  Probability  Computing  System. 
The  abstracts  of  the  more  important  references  are  included. 


Concept  of  Intercept  Probability"^ 

1,  Beck,  H.M.,  ‘‘Time -Dependent  Probabilities/'  NRL  Report  3915  (Confidential  Report, 
Unclassified  Title),  Dec.  1951 

ABSTRACT:  The  problem  of  intercept  probability  breaks  down  into  a  number  of  subtle 
subproblems.  An  effort  is  made  to  establish  consistent  terminology  by  using  the  word 
“probability”  properly  in  tl\e  statistical  sense  and  the  word  “intercept”  properly  in  the 
tactical  sense.  The  need  then  arises  for  new  terms  to  describe  processes  of  well-known 
electronic  countermeasures.  Several  probabilities  are  formulated  so  tliat  quantitative 
measurement  becomes  both  meaningful  and  possible.  A  procedure  is  given  to  measure 
time -do  pendent  probabilities  by  an  electronic  digital  analyzer,  (Corifidontial  Abstract) 

2.  Bullock,  G.M.,  “Probability  of  Intercept  for  Countermeasures  Receivers,”  NRL  Report 
4826  (Secret  Report,  Unclassified  Title),  Sept.  1955 

ABSTRACT:  The  probability  of  intercepting  an  electromagnetic  transmission,  par¬ 
ticularly  that  of  a  radar  system,  by  a  countermeasures  receiver  has  been  a  major  concern 
of  designers  and  operational  groups.  In  spite  of  the  effort  expended  by  many  investigators, 
the  concept  of  probability  of  nitercept  has  remaiJied  somewhat  nebulous  and  often  misunder¬ 
stood.  This  condition  resulted,  in  part,  from  the  lack  of  a  suitable  definition  of  probability 
of  intercept  and  from  an  insufficient  examination  of  the  factors  that  influence  the  problem. 

As  a  result  of  the  work  described  in  this  report,  the  concept  of  probability  of  intercept 
has  been  clarified.  It  may  be  defined  as  a  function  of  time  that  represents  the  chance  of 
an  intercept  occurring  for  a  specific  set  of  over -all  parameters.  Perhaps  the  greatest 
effort  in  the  past  to  improve  the  probability  has  been  in  minimizing  the  effect  of  coincidence 
of  intermittent  events.  There  are,  however,  at  least  tliree  other  important  factors  that 
inUucnt'c  the  probability  of  intercept.  These  are  (1)  frequency  spectral,  characteristics, 

(2)  inoauiaiion  chaructoristlcs,  a  no  (3)  receiver  sensitivity.  Tlic  first  two  of  tl\ese  factors 
are  important  in  determining  whether  or  not  a  receiver  is  capable  of  intercepting  various 
signal  types  either  as  entities  or  In  the  presence  of  other  signals.  Ibe  factor  of  receiver 
sensitivity  is  important  in  establishing  the  detection  ranges  not  only  of  the  major  lobe  but 
of  the  co2uplDte  360-dcgroc  coverage. 

The  consideration  of  these  factors  provides  a  more  sharply  defined  and  constrained 
concept  of  intercept  probability,  so  that  quantitative ,  comparative  information  can  be 
obtained  for  different  receiver  techniques.  Although  some  gross  comparisons  have  been 
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mack-  for  a  few  signal  types  and  receiver  techniques,  funclioiKs  of  sufficient  accuracy  to 
be  of  uso  in  evaluation  of  systems  will  not  be  available  until  Uie  completion  of  a  new  com¬ 
puter  and  si27iulator  by  the  Countermeasures  Bi'ajich  of  the  Naval  Research  I^aboratoi’y, 
(Confidential  Abstract) 


Simulation  and  Computation 

3.  Tool,  A.Q.,  “An  hitcriuittent  Signal  Simulator  for  Intercept  Receiver  Testing,”  NRL 
Report  3G63  (Unclassified),  May  l‘3b0 

4.  Wald,  B.,  “Computation  of  the  Probability  of  Countermeasures  Interception,”  NRL 
Report  4612  (Confidential  Report,  Unclassified  Title),  Oct.  1955 

ABSTRACT:  The  evaluation  of  countermeasures  intercept  equipment  arid  the  formu¬ 
lation  of  optimal  strategies  for  its  employment  require  a  knowledge  of  the  probability  of 
intercept  for  a  given  receiver  operating  against  a  given  transmitter,  i.e.,  the  probability 
tliat  an  intercept  will  occur  within  a  given  time  after  the  start  of  an  intercept  effort. 
Mathematically,  tlie  problem  reduces  to  that  of  finding  the  probability  of  occurrence  of  one 
of  a  number  of  events  distributed  in  a  stationary  time  series,  a  given  time  after  a  random 
entry  into  this  series. 

AlUiough  several  mathematical  techniques  are  available  for  the  solution  of  this  prob¬ 
lem,  the  selection  of  a  suitable  computational  method  allows  the  utilization  of  electronic 
computing  techniques. 

The  computer  developed  for  this  purpose  consists  largely  of  registers  which  accumu¬ 
late  timing  pulses  fed  to  them  by  a  set  of  simple  computing  elements.  These  elements 
are  controlled  by  the  time  series  to  be  analyzed  in  accordance  with  the  mathematical  rule 
selected.  At  the  end  of  the  analysis,  tlie  24  registers,  each  of  which  have  a  capacity  of 
four  significant  decimal  figures,  have  accumulated  24  points  on  the  probability  of  inter¬ 
cept  vs.  waiting  time  curve. 

The  computer  is  capable  of  analyzing  at  moderately  high  speed  any  distribution  of 
events  fed  into  its  input  terminals,  although  the  solution  of  problems  of  interest  to  counter¬ 
measures  must  await  the  completion  of  a  system  simulator  capable  of  generating  tlie  appro¬ 
priate  time  series.  A  high-speed  simulator  is  now  being  designed  for  this  purpose. 
(Confidential  Abstract) 

5.  Wald,  B.,  “A  Count ercept  System  Simulator,”  NRL  Report  4957  (Confidential  Report, 
Unclassified  Title),  June  1957 

ABSTRACT;  In  order  to  best  utilize  a  previously  reported  time-series  analyzer  in  the 
computation  of  countercept  probability  (the  time-dependent  probability  of  asynchronous 
countermeasures  interception)  a  system  simulator  has  been  developed.  This  device  simu¬ 
lates  in  real  or  scaled  time  the  output  of  any  given  intercept  receiver  working  against  any 
given  transmitter.  The  simulator  takes  into  account  all  significant  parar  jters  -  antenna 
patterns  and  rotation  rates,  transmitter  power,  receiver  sensitivity,  re<  eiver  bandwidth, 
receiver  scan  band  and  scanning  rate,  the  position  of  the  signal  frequency  in  the  receiver 
scan  baud,  the  nature  of  the  transmitted  signal  (e.g.,  pulse  widdi  and  pulse  repetition  fre¬ 
quency),  tile  nature  of  die  indicator  and  its  coupling  to  tlie  operator  or  other  decision  ele¬ 
ment  (e.g.,  Urn  mini  muni  number  of  pulses  required  lor  the  recognitioji  of  a  pulsed  signal 
or  the  minimum  duration  of  a  signal  recognized  as  a  communication),  the  statistical  varia¬ 
tion  of  receiver  tlu’cshold  introduced  by  the  presence  of  a  Imman  operator,  and  the  attenua¬ 
tion  introduced  by  the  propagation  patli  (i.e.,  the  effect  of  range  and  elevatioii). 
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The  simulator  has  been  completed  and  has  been  used  in  conjunction  with  the  analyzer 
to  solve  one  problem  in  receiver  system  design.  It  is  hoped  that  the  probiom-solviiig 
program  can  be  greatly  expanded  a2:id  tliat  the  conipumtional  facility  can  be  made  accessible 
to  oOier  activities.  (Unclassified  Abstract) 


Assessment  of  Data  Required  in  Simulations 

6.  Beck,  H.M.,  Faust,  W.R,,  and  Weidemajin,  H.K,,  “Panoramic  Receiver  Thresholds/^ 
NKL  Report  3330  (Unclassified),  Aug.  1948 

7.  Beck,  H.M.  ,  “Second  Report  on  Panoramic  Receiver  CW  Tln'csholds,”  NRL  Report  3496 
(Unclassified),  June  1949 

8.  Hoot,  W.B,,  “Intercept  Thresholds:  Panoramic,  Time  Base,  and  Audio  Indicators,'^ 

NRL  Report  4491  (Confidential  Report,  Unclassified  Title),  Feb.  1955 

ABSTR.ACT;  As  part  of  a  continuing  program  in  the  quest  for  an  intercept  indicator 
of  optimum  effectiveness,  this  experiment  was  designed  to  determine  die  average  observ¬ 
er's  success  in  detecting  threshold  sigTials  through  the  use  of  various  indicators.  The 
panoramic  presentation  (panscope)  threshold  characteristics  of  an  AN/APR~9  intercept 
receiver  \?ere  determined  at  the  Naval  Research  Laboratory  before  and  after  modification 
of  tJie  i-f  and  pan.scopc  circuitry*  In  further  threshold  tests,  the  NRL  multigun  analyzer 
was  substituted  for  the  panscope*  A  comparison  was  also  made  of  tlie  audio  tit resh olds  of 
both  the  AN/APR-9  ar.d  the  NRL  jnuUigun  analyzer. 

The  following  facts  were  established: 

1.  Narrow-band  panoramic  systems,  such  as  those  contained  in  the  .AN/ APR- 9,  AN/ 
BLR-1,  AN/SLR-2,  etc,,  have  relatively  good  response  to  cw  signals  and  wide -pulse  radar 
signals,  but  relatively  poor  response  to  narrow- pulse  radar  signals, 

2.  The  NRL  multigun  analyzer,  which  incorporates  wide -band  circuitry  and  time -base 
presentation,  is  superior  to  the  panscope  with  regard  to  narrow-pulse  response  and 
response  to  extremely  short  bursts. 

3.  The  audio  response  of  the  NRL  multigun  analyzer,  which  incorporates  high-level 
pulse  stretching  and  other  audio  refinements,  is  superior  to  the  audio  response  of  the 
AN ''APR-9. 

4.  Audio  and  wide -band  video  tiireshold  levels  are  practically  identical 

It  was  concluded  that  more  effectiA^c  intercept  sensitivity  tlian  is  now  available  could 
be  obtained  by  employing  a  combined  indicator  witJi  sijouJtanoous  panoramic,  time  base, 
tuid  audio  presentations.  (Confidential  Abstract) 

9.  Garofalo,  N.R., '‘Intercept  Thresholds  for  the  NIU.  Microwave  Intercept  System,"  NRL 
Report  5162  (Confidential  Report,  Unclassified  Title),  July  1958 

ABSTRACT:  The  signal -to- noise  thresholds  for  the  {leadpbones  and  the  acquisition 
indicator  of  the  NRL  microwave  intercept  system  have  been  determined  with  respect  to 
pulse  width  and  pulse  repetion  frequency  of  a  pulse-type  signal.  The  S/xN  threshold  was 
defined  as  the  socond-detectorS/N  power  ratio  in  db  at  which  an  average  observer  would 
detect  a  signal  with  50-percent  success.  Groups  of  observers  were  used  in  five-frequency 
position  experiments  to  detcrmino  those  values  of  threshold  which  were  of  interest.  Tlie 
acquisition  indicator  utilized  a  time-frequ^mey  raster  with  intensity  modulation  and  was 
investigated  while  using  three  different  video  sections:  (a)  main  i-f  video  with  a  250-Kc 
bandwidth,  (b)  main  i-f  video  witli  a  10-Mc  bandwidth,  and  (c)  second  i-f  video. 
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'rhc  intcrccpl  capabiiilies  of  the  NRI.  receiver  system  ;U'e  best  when  the  main  i-f 
video  section  wltit  a  250~kc  baudwidtJi  is  Liicorporaled  in  the  acquisition  indicator.  The 
lmad{^ioncs  have  a  better  S/N  Ihrcshold  tl\an  tiiis  indicator  when  the  signal  has  a  prf  and 
pw  belter  tlian  1500  pps  and  10  ^sec,  respectively.  The  S/N  threshold  of  the  receiver  is 
improved  over  a  limited  range  of  signal  characteristics  wlien  the  second  i-f  video  ampli¬ 
fier  replaces  U\e  main  i-f  video  amplifier  in  the  acquisition  indicator,  but  the  decrease 
in  probability  of  intercept  capability  of  the  receiver  with  the  former  video  section  more 
than  offsets  the  advantage  in  threshold,  unless  a  considerable  amount  of  n  priori  informa¬ 
tion  is  avrolabie.  (Confidential  Abstract  1 


Applications 

10.  Wald,  B.,  and  Christman,  D.B.,  Comparison  of  Omnidirectional  and  Rotating  Direc¬ 
tional  Antennas  for  Intercept,”  NRL  Report  4905  (Secret  Report,  Unclassified  Title), 
Feb.  1957 

ABSTRACT:  With  the  completion  of  an  intercept  probability  computer  it  has  become  possi¬ 
ble  to  determine  the  probability  of  interceptfor  a  given  receiver  v."orkingagainstagiventrans- 
mittcr.  Considering  an  AN/ WLR- 1  intercepfingthc  Jowerbeam  of  an  AN/CPS- 6B  radar,  it  has 
beenfound  thatahigh  performance  oinnidxrectional  antenna  would  bo  a  bettor  inf  ere  opt  antenna 
than  the  AN/SLR- 2  direction -finding  antenna  rotated  at  high  speed.  Wlale  this  conclusion 
applies  quantitatively  only  to  this  one  case,  the  computed  data  suggeststhat  development  of 
oitinidirecUonal  microwave  intez'cept  antennas  should  be  pursued,  and  that  provisions  .should 
be  madefor  the  installation  of  these  antennas  with  the  AN/WLR-1  system.  (Secret  Abstract) 

11.  Garofaio,  N.R.,  “Probability  of  Intercept  for  Various  Countermeasures  Receiver  Sys¬ 
tems  under  Average  Tropospheric  Scatter  Conditions/  NHL  Report  49as  (Confidential 
Report,  Unclassified  Title),  Sept.  1957 

ABSTRACT:  The  probabilities  of  intercept  of  three  receiver  systems  were  compared 
when  operating  against  an  airborne  early  warning  radar  of  the  AN/ APS- 20  type.  The 
receiver  systems  considered  were  a  fast -scan  superheterodyne  receiver,  AN/WLR-1, 
incorporating  first  an  omnidirectional  antenna  with  a  gain  of  5  db,  and  then  a  fast -scanning 
directional  antenna  of  the  AN/SLA-3  type,  and  a  wide-open  DF  crystal  video  receiver. 

This  report  is  concerned  only  with  tropospheric  propagation  conditions  for  an  over-water 
path  with  the  threshold  of  the  normal  scatter  zone  defined  to  be  50  db  below  free  space  in 
the  diffraction  zone,  and  with  the  scatter  attenuation  rate  assumed  in  be  0.2  db  per  nautical 
mile.  By  utilizing  intercept  range  curves  which  incorporate  average  scatter  information 
for  a  ship-to-ship  (h'p  -  130  ft)  and  a  ship-to-aircraft  intercept  path  (hx  20,000  ft)  together 
with  probability  of  intercept  data  derived  from  a  probability  cojnputer,  time  for  90%  prob¬ 
ability  of  intercept  versus  range  curves  were  computed  for  the  three  receiver  systems 
under  various  intercept  operating  conditions.  .Assuming  the  receiver  directional  antenna 
and  the  radar  antenna  scan  to  be  360”  and  that  the  radar  is  continuously  operating,  the 
AN/WLR-1  has  a  J^igher  probability  of  intercept  when  incorporating  the  omnidirectional 
antenna  than  wheu  using  the  directional  antenna  for  ship-to-ship  and  ship-to-aircraft  inter¬ 
cept  paths.  The  improvement  for  the  former  intercept  link  is  much  more  pronounced  than 
that  foi  Tie  latter,  and  tlie  major  increase  in  probability  of  intercept  is  achieved  only  after 
long  waiting  periods.  If  the  radar  and  reccivr*!’  onprating  conditions  are  varied  so  that  tiic 
radar  is  transmitting  periodically,  or  if  the  receiver  antenna  is  sector  scanning,  the  advan¬ 
tage  of  Urn  omnidirectional  antenna  can  be  marginal.  The  only  advantage  of  the  DF  crystal 
video  receiver  without  rf  amplification  over  the  AN/ WLR- 1  is  simplicity  since  it  has  been 
shown  that  the  AN/WLR-1  with  an  omnidirectional  antenna  has  a  higher  probability  of  ititer- 
cept  under  all  conditions. 
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Tho  values  of  the  upper  and  lower  antenna  rotation  rate  limits  are  determined  by  receiver 
main  lobe  boamwidtli  and  radar  prf.  The  optimum  rate  depends  upon  tho  relative  dcsira*^ 
bility  of  greatei’  range  and  shorter  waiting  times  within  tlie  range  of  rotation  rates  deter¬ 
mined  by  the  upper  and  lower  limits. 

In  the  case  of  an  approadiing  radar,  the  relative  desirability  of  greater  range  and 
shorter  waiting  times  would  depend  upon  the  closing  rate  of  the  radar  as  well  as  upon  the 
waiting  time  for  given  probabilities  of  intercept  versus  range  curves  of  the  stationary 
receiver-stationary  transmitter  countercept  situation.  For  the  equipments  as  simulated 
and  the  velocities  of  approach  illustrated,  the  10f)-rpm  metiiods  of  antenna  operation  yielded 
the  best  overall  performance  over  the  approach  path. 

Improvements  in  present  systems  suggested  by  the  results  are  increased  system 
sensitivity  and  antenna  design  alteration.  Increased  sensitivity  may  be  obtained  in  llie 
AN/BLR- 1  with  AN/SLA- 2  as  indicator  for  the  frequently  encountered  pulse  width.q  by 
narrow’ing  the  video  bandwidth  from  10  Me  to  250  kc,  and  in  all  systems  by  employing 
traveling-wave  tubes.  Improved  performance  of  the  short  on -signal  time  systems,  the 
AN/BLR- 1  with  panscope  and  the  AN/WLR-1,  may  be  obtained  by  employing  a  wider  beam - 
width  antenna.  If  doubling  the  AS-570/SLR  beamwidth  at  X-band  with  no  more  than  a  3-db 
loss  in  sensitivity  can  be  accomplished,  significantly  shorter  waiting  times  may  be  obtained 
without  significantly  decreasing  the  range  over  which  the  main  lobe  contributes  to  inter¬ 
cept  probability.  (Secret  Abstract) 
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